Posttraumatic stress disorder (PTSD) is both a prevalent and debilitating trauma-related disorder associated with dysregulated fear learning at the core of many of its signs and symptoms. Improvements in the currently available psychological and pharmacological treatments are needed in order to improve PTSD treatment outcomes and to prevent symptom relapse. In the present study, we used a putative animal model of PTSD that included presentation of immobilization stress (IMO) followed by fear conditioning (FC) a week later. We then investigated the acute effects of GR receptor activation on the extinction (EXT) of conditioned freezing, using dexamethasone administered systemically which is known to result in suppression of the HPA axis. In our previous work, IMO followed by tone-shockmediated FC was associated with impaired fear EXT. In this study, we administered dexamethasone 4 h before EXT training and then examined EXT retention (RET) 24 h later to determine whether dexamethasone suppression rescued EXT deficits. Dexamethasone treatment produced dose-dependent enhancement of both EXT and RET. Dexamethasone was also associated with reduced amygdala Fkbp5 mRNA expression following EXT and after RET. Moreover, DNA methylation of the Fkbp5 gene occurred in a dose-dependent and time course-dependent manner within the amygdala. Additionally, we found dynamic changes in epigenetic regulation, including Dnmt and Tet gene pathways, as a function of both fear EXT and dexamethasone suppression of the HPA axis. Together, these data suggest that dexamethasone may serve to enhance EXT by altering Fkbp5-mediated glucocorticoid sensitivity via epigenetic regulation of Fkbp5 expression.
INTRODUCTION
In human populations, exposure to traumatic stress can precipitate fear-related disorders (eg, posttraumatic stress disorder, PTSD) (Kessler et al, 1995; American Psychiatric Association, 2013) . A growing body of translational research has identified the interaction of several neurobiological mechanisms underlying the mammalian response to traumatic stress (for recent review, see (VanElzakker et al, 2014) . For example, in rodents, activation of the hypothalamicpituitary-adrenal (HPA) axis invokes stress-induced plasticity in limbic structures such as the amygdala (Roozendaal et al, 2009 ). In addition, genetic and epigenetic regulation within the HPA axis has been associated with the human condition of PTSD (Yehuda et al, 2010) .
The FKBP5 gene encodes for the protein FK506 binding protein 5 (FKBP5), which regulates the sensitivity of the glucocorticoid receptor (GR) (Binder 2009) , and is critically involved in HPA axis activity during responses to stress. The GR is a critical component of the mammalian stress response system and represents a primary binding site for cortisol (corticosterone in rodents). The FKBP5 protein interacts with heat shock protein 90 to reduce GR affinity, modulating cortisol activity and preventing translocation of the GR complex to the nucleus at basal levels and following stress (Pratt and Toft 1997; Denny et al, 2000) by decreasing GR sensitivity to cortisol and preventing its translocation to the nucleus. Interestingly, epigenetic modifications of FKBP5 (and subsequently GR activity) have been found in psychiatric illness, including PTSD (Binder, 2009; Maddox et al, 2013) . Furthermore, FKBP5 single nucleotide polymorphisms (SNPs) have been associated with more rapid feedback and enhanced HPA axis suppression using the dexamethasone (Dex; GR receptor agonist) suppression test (Binder et al, 2008; Klengel et al, 2013) . This observation is consistent with differential FKBP5 regulation as a potential intermediate phenotype for trauma-and stress-related disorders.
A number of studies have also found FKBP5 genotype to be differentially associated with risk for developing PTSD and other psychiatric disorders following exposure to trauma (Mehta et al, 2011; Zannas and Binder, 2014) . Four SNPs of the FKBP5 gene (rs9296158, rs3800373, rs1360780, and rs9470080) were found to interact with severity of child abuse as predictors of adult PTSD symptoms in urban, previously traumatized civilians (Binder et al, 2008) . Additionally, it was found that the rs1360780 SNP moderates the risk for PTSD after early trauma and DNA methylation within functional glucocorticoid response elements of the FKBP5 gene (Klengel et al, 2013) . Using structural MRI from traumatized female civilians, individuals who were homozygous for the rs1360780 T ('risk') allele demonstrated significantly lower fractional anisotropy (a measure of white matter integrity) in the left posterior cingulum (a pathway linked to increased expression of conditioned fear during extinction (EXT)) compared with individuals without the T allele (Fani et al, 2014) . Finally, carriers of the rs1360780 T ('risk') allele also exhibited an attention bias toward threat compared with individuals without the T allele, along with alterations in hippocampal activation and morphology (Fani et al, 2013) . Taken together with previous reports, it appears that hippocampal sensitivity to stressors and subsequent cortisol fluctuations leads to decreased hippocampal functioning and possibly reduced hippocampal volume. All these findings, along with a number of other recent observations (Xie et al, 2010; Zimmermann et al, 2011; Appel et al, 2011; Buchmann et al, 2014 ), suggest a model in which the FKBP5 genotype is associated with enhanced intermediate neural and behavioral phenotypes that may underlie increased risk for PTSD and other stress-related psychiatric illnesses following trauma exposure.
A potential mechanism of action of HPA axis dysregulation is GR hypersensitivity (Yehuda, 2009) , as evidenced by exaggerated negative feedback in PTSD (Yehuda et al, 2002) . Dysregulation of glucocorticoids and the HPA axis may differentially activate GR in PTSD patients as compared with healthy controls in a manner that can be detected by psychophysiological indices including fear-potentiated startle (Jovanovic et al, 2010) . The SNP rs1360780 A within FKBP5 may be actually contributing to alterations in negative feedback of the HPA axis (Klengel et al, 2013) . In a previous study of traumatized civilians with and without PTSD, we demonstrated that dexamethasone administration leads to a transient suppression of HPA function that may, in turn, normalize exaggerated fear in patients with PTSD (Jovanovic et al, 2010; Jovanovic et al, 2011 ). In the current study, we sought to determine whether controlled dexamethasone suppression would similarly enhance EXT of fear in a mouse model of stress-induced EXT deficits.
In rodents, it has been shown that chronic elevations of plasma corticosterone levels were associated with increased Fkbp5 expression and decreased fkbp5 methylation in blood and brain. Significant linear relationships were observed between DNA methylation of Fkbp5 and mean plasma corticosterone levels for both blood and brain following 4-week glucocorticoid exposure. The degree of methylation change in blood correlated significantly with both methylation and expression changes in hippocampus, with the notable observation that methylation changes occurred at different intronic regions when comparing blood vs brain tissue (Ewald et al, 2014) . Furthermore, Fkbp5 methylation levels have been correlated with anxiety-like behavior (Lee et al, 2011) . Also, brain regions with low basal Fkbp5 expression such as the amygdala display higher increases in Fkbp5 mRNA expression following stress as compared with regions with high basal expression, supporting the hypothesis that GR sensitivity is mediated via Fkbp5 (Scharf et al, 2011) .
Using immobilization (IMO) stress in mice, we have previously demonstrated a marked increase in HPA axis activity after exposure to this stressor (Andero et al, 2011) . In addition to an IMO-induced elevation in HPA axis activity, we observed impaired fear EXT and EXT retention (RET) following Pavlovian fear conditioning (FC) as a model of the fear-related symptoms of PTSD (Andero et al, 2011) . Furthermore, IMO impaired long-term declarative memory and enhanced anxiety-like behavior (Andero et al, 2013) . These approaches have contributed to translational evidence of previous trauma as a risk factor for PTSD via HPA-axis-related mechanisms (Mehta and Binder, 2012) .
The current study was based on our hypothesis that Fkbp5 expression and GR regulation are critical factors in both FC and fear EXT memory consolidation. The goal of our study was to better understand the mechanisms by which corticosterone and Fkbp5 may mediate fear memory processing in the hippocampus and amygdala of animals previously exposed to a stressor shown to alter fear EXT and HPA axis regulation in mice (Andero et al, 2011) .
MATERIALS AND METHODS

Animals
All experiments were performed on adult (2-3 months old) wild-type C57BL/6J mice obtained from Jackson Labs. Male mice were group-housed in a temperature-controlled vivarium, with ad libitum access to food and water. They were maintained on a 12-h light/dark cycle, with all behavioral procedures being performed during the light cycle. All procedures used were approved by the Institutional Animal Care and Use Committee of Emory University and in compliance with National Institutes of Health (NIH) Guide for the Care and Use of Laboratory Animals.
Drugs
We administered dexamethasone (Sigma, St Louis, MO, USA, catalog no. D8893) intraperitoneally at a dose of 20 or 300 μg/kg in a vehicle of 15% dimethylsulfoxide in phosphate-buffered saline; the same vehicle was also used in control groups. In experiments in which dexamethasone was given, mice received a single dose 4 h before the appropriate behavioral procedure when levels of plasma corticosterone are believed to be at their greatest degree of suppression due to the drug (Jiang et al, 2009) .
per mouse and consisted of letting the animal walk on top of their home cage and in the hands of the experimenter wearing latex gloves. After treatment, animals where returned to their home cage where they remained undisturbed until fear-learning procedures. All mice were habituated to the test chambers both before and after the IMO stress, receiving exposure to handling and the training context completely separate and distinct from the IMO context. The four handling sessions were performed 2 days before the IMO and 2 days before FC.
Cued FC and Fear EXT
Methods for Figures 2, 3 and 4. Mice were fearconditioned and tested for levels of conditioned fear expression/ EXT in standard rodent modular test chambers (ENV-008-VP; Med Associates Inc, St Albans, VT) with an inside area of 30.5 cm (L) × 24.1 cm (W) × 21.0 cm (H). The tone-conditioned stimulus (CS) was generated by a Tektronix function generator audio oscillator delivered through a high-frequency speaker (Motorola, Model 948) attached to the side of each chamber. The illumination was provided by white light. Mice received five trials of a CS (30 s tone, 6 kHz, 70 dB) co-terminating with a footshock (500 ms, 1 mA) unconditioned stimulus (US). The PreCS and intertrial interval (ITI) were 180 s. The apparatus was cleaned with Quatricide after each mouse. Fear EXT and fear EXT RET was assessed 24 and 48 h, respectively, after FC and consisted of a PreCS period of 300 s, 50 CS tone trials (30 s each) with a 60 s ITI in the same chamber but changing the context and odor. The context was changed by covering the grids with Plexiglass and illuminating the chamber only with red light. The odor was altered by cleaning the apparatus with 70% EtOH after each animal. Tone presentation and freezing data were controlled, stored, and analyzed with FreezeView software (Coulbourn Instruments, Whitehall, PA) (Andero et al, 2011) .
Startle Chamber and Fear EXT
Methods for Figure 1 . FC conditioning was conducted in specialized startle-footshock chambers (SRLAB, San Diego Instruments, San Diego, CA) consisting of a nonrestrictive acrylic plastic cylinder, (5.5 cm in diameter × 13 cm long) mounted on a Plexiglas platform that was located in a ventilated, sound-attenuated chamber. The footshock unconditioned stimulus (US) was delivered through a removable stainless steel grid floor using one of the four constant current shock generators (SDI, San Diego, CA) located outside the isolation chambers. A piezoelectric accelerometer mounted under each platform detected cylinder movements that were digitized and stored by an interfacing computer Figure 1 Previous exposure to immobilization (IMO) on wooden board causes impaired fear extinction (EXT) and enhanced corticosterone levels after both fear conditioning (FC) and EXT. (a) Half of the mice had exposure to IMO while the other half (Controls) had similar levels of handling but no IMO. Six days later, half of the mice of each group had cued FC. Only mice that received cued FC showed increased levels of freezing, that was similar in control vs IMO groups (***p ⩽ 0.001) (n = 46-48 per group). (b) Corticosterone levels were measured immediately after FC (0), as well as 30 and 120 min after finishing conditioning (R30 and R120, respectively) in different cohorts of mice. Mice that had a previous IMO showed enhanced levels of corticosterone after mere exposure to the shock chamber (time 0) vs non-IMO animals, revealing sensitization; after FC, enhanced corticosterone response was found at 0 and R30 in controls, and impaired recovery was found in previously immobilized mice at R30. +po0.05 vs corresponding 0 time values; **po0.01 vs corresponding 0 and R30 values; +++po0.001 vs corresponding 0 time values; ***po0.001 vs corresponding 0 and R30 values; a and b indicate comparisons are made between groups at the same sampling time (n = 8 per group). (c) Twenty-four hours after FC, half of the mice had exposure to EXT, whereas the other half had exposure only to the experimental box. All mice that were exposed to conditioned cues (EXT) presented higher levels of freezing (IMO-Ext and ControlExt vs IMO-NoEXT and Control-NoEXT). Additionally, the mice that had a previous exposure to IMO showed impaired EXT when compared with control mice. **p ⩽ 0.01 vs Control-EXT, ***p ⩽ 0.001 vs all other groups (n = 24 per group). (d) Mice that had a previous IMO presented overall enhanced levels of corticosterone after EXT. Moreover, they also presented similar levels of corticosterone levels at 0 and R30, whereas at this time point, all other groups presented significantly lower levels at R30 compared with 0. +po0.05 vs 0, ++po0.01 vs 0, +++po0.001 vs 0, **po0.01 vs 0 and 30 (n = 8 per group).
Dexamethasone alters Fkbp5 regulation and fear extinction T Sawamura et al assembly. The tone CS was generated by a Tektronix function generator audio oscillator (Model CFG253, Beaverton, OR) and delivered through a high-frequency speaker (Motorola, Model 948). Sound intensities were measured with an audiometer (Radio Shack, Ft. Worth, TX, #33-2055) . Stimuli presentation and data acquisition were controlled, digitized, and stored by an interfacing IBM PC compatible computer using SRLAB software. On each of the 2 days prior to training, mice were given a 10-min startle chamber exposure session to habituate mice to handling and the training context. During cued FC, mice received five trials of a CS tone (30 s, 6 kHz, 70 db) co-terminating with a footshock US (500 ms, 0.6 mA). The PreCS period and the ITI were 5 min. The experimental procedure was similar as previously described (Andero et al, 2011 (Andero et al, , 2014 . The fear EXT test was performed as previously described in the paragraph above in the Med Associates chambers but using 30 CS.
Radioimmunoassays
Mice were killed at appropriate time points and trunk blood was collected in tubes containing ethylenediaminetetraacetic acid. All samples to be statistically compared were run in the same assay to avoid inter-assay variability. Plasma corticosterone levels ( Figure 1 ) were determined by doubleantibody radioimmunoassay as previously described (Andero et al, 2012) . Corticosterone radioimmunoassay used 125 I-corticosteronecarboximethyloximetyrosine-methyl ester (ICN-Biolink 2000, Barcelona, Spain), synthetic corticosterone (Sigma, Barcelona, Spain) as the standard, and an antibody raised in rabbits against corticosteronecarboximethyloxime-BSA kindly provided by Dr G. Makara (Institute of Experimental Medicine, Budapest, Hungary). Plasma corticosteroid-binding globulin was inactivated by low pH). Plasma corticosterone levels illustrated in Figure 2d were determined with the MP BIOMEDICALS Corticosterone Double Antibody RIA Kit #07120102. Procedure was followed as indicated by the manufacturer. This kit has no cross-reaction with dexamethasone.
Reverse Transcription and PCR Quantification
Total RNA was isolated with Qiagen RNeasy kit (Qiagen, Valencia, California) (Lee et al, 2011) . Gene expression changes in the amygdalar and hippocampal tissue were detected by relative quantitative reverse transcription PCR (FAST 7500; Applied Biosystems, Foster City, CA). Bilateral tissue punches were performed based on the Mouse Brain Atlas by Paxinos (Paxinos and Franklin, 2006) . At the time the mice were killed, brains were placed on ice and rapidly blocked, and tissue punches were obtained for isolation of messenger RNA (mRNA) and DNA. Total RNA was reverse-transcribed using the RT2 First Strand Kit catalog # 330401 (Qiagen) according to the manufacturer's instructions. TaqMan assays (Applied Biosystems, Carlsbad, CA) were used to quantify the expression of Fkbp5 (Mm00487401),
and Tet3 (Mm00805756) normalized to mouse Gapdh (4352932E). Relative levels of mRNA expression were normalized in all the samples with expression levels of glyceraldehyde-3-phosphate dehydrogenase (GAPDH) (Maguschak and Ressler, 2011) . Graphics are represented by fold change obtained with the 2^-ddCt method.
DNA Methylation Analyses
DNA methylation at functional glucocorticoid response elements in mouse Fkbp5 intron 5 described by Lee et al (2010) was performed based on procedures described by Sabbagh et al (2014) , using Varionostic GmbH, Inc (Ulm, Germany, www.varionostic.de). Briefly, 500 ng genomic DNA was bisulfite-converted using the EZ-96 DNA methylation kit (Zymo, Irvine, CA). A 412-bp fragment was amplified from bisulfite-converted DNA using the primers F_mouse-I5 5′-aggaagagagAATATTTTGTTTTGAATGTGG TTGG-3′ and R_mouse-I5 5′-cagtaatacgactcactatagggagaag gctCTCTCCTAAAAACCCTTACCCAATA-3′ followed by Sequenom EpiTYPER DNA methylation analysis performed according to the instructions of the manufacturer. Uncertainty threshold was set to 0.2.
Statistical Analysis
Statistics were performed with IBM SPSS Statistics Version 19.0 (Armonk, NY) and GraphPad Prism 6.05 for Windows (GraphPad Software, La Jolla, CA). Detection of outliers was performed and removed from analyses when necessary. The criterion was more than 2 SD below or above the average. Repeated-measures ANOVA, one-or two-way ANOVA, or Student's t test (two-tailed) for independent samples were used where appropriate. In all cases, if a statistically significant interaction was found, additional comparisons were calculated. Bonferroni post hoc analyses were performed where appropriate. The corticosterone levels were analyzed with Generalized Linear Models, Generalized Estimating Equations models. The significance of the effects was determined by the Wald χ2 statistic. In order to investigate the association between Fkbp5 expression, freezing in EXT, Dnmt and Tet mRNA expression, and Fkbp5 intron 5 methylation, we ran bivariate Pearson correlations between Fkbp5 expression (fold change), freezing in EXT (spent time %), Dnmt and Tet mRNA expression (fold change), intron 5 methylation (%), and Tet expression (Fold change). The alpha level was 0.05. We also examined these correlations separately in the Vehicle group and dexamethasone-treated groups. The results are presented as means ± or + SEM, and statistical significance was set at Po0.05.
General Procedures for Figures 2-4
Mice were exposed to IMO or received compensatory handling. Six days later, the mice were exposed to FC and corticosterone levels were measured immediately after, 30 and 120 min after FC. Twenty-four hours later, a different cohort of mice received a dose of dexamethasone (vehicle, 20 and 300 μg/kg) 4 h before EXT. One group of mice were killed to determine corticosterone levels 30 min after EXT, whereas another group was used to measure amygdala and hippocampus Fkbp5 mRNA levels and amygdala Fkbp5 methylation levels 2 h after EXT. Another cohort of mice received a session of RET 24 h after EXT and were killed 2 h after RET to determine amygdala and hippocampus Fkbp5 mRNA levels.
RESULTS
IMO Stress Effects on FC, EXT, and Corticosterone Levels
Six days following IMO procedures, animals were either subjected to FC (FC groups) or were placed in the conditioning box without receiving CS or US presentations (NoFC groups) ( Figure 1a) . All groups presented similar levels of freezing before the CS was presented during the habituation to the FC apparatus. FC robustly lead to freezing behavior during the CS presentation compared with control treatment (repeated measures (rm) ANOVA F 1,184 = 1263.751 po0.0001) without differences between IMO and non-IMO groups. Dexamethasone alters Fkbp5 regulation and fear extinction T Sawamura et al
In a parallel group of animals, we examined corticosterone levels immediately, 30 and 120 min after FC (Figure 1b) . The sampling Time factor, Wald χ2 (2) = 255.469 po0.001, and Group (FC or NoFC) factor, Wald χ2 (1) = 9.911 po0.01, were significant, suggesting that corticosterone levels changed with the passage of time as well as in response to FC. Moreover, there were interactions between Group and Time which demonstrates that fear-conditioned mice exhibited a different time course of corticosterone levels as compared with NoFC animals, Wald χ2 (2) = 28.287 po0.001, and IMO × Group × Time, Wald χ2 (2) = 7.220 po0.05. Pairwise comparisons showed that all groups at the 120-min time displayed significant reduction in corticosterone when compared with the 30-min and 0-min (immediate) time points (po0.001 IMO-NoFC, Control-FC, IMO-FC, and po0.01 Control-NoFC). At 30 min, the group IMO-NoFC and Control-FC groups showed significant differences vs 0 min, po0.001 and po0.05, respectively. However, neither Control-NoFC nor IMO-FC group showed significant reductions in corticosterone at 30 min after conditioning. The 30 min time point data suggests that FC enhanced corticosterone levels in IMO mice compared with mice that were not exposed to IMO. Then, pairwise comparisons between groups were made at the same time point showing that the FC groups, independently of IMO/Control condition, showed higher levels of corticosterone at 30 min, po0.05. Moreover, the Control-NoFC group had lower levels at time 0 than all other groups, po0.05. At 120 min, all groups displayed similar levels of corticosterone, which suggests a return to baseline levels.
Additional groups of mice underwent EXT, and freezing levels were measured (Figure 1c) . All groups presented similar levels of freezing during the habituation to the conditioning apparatus during the EXT session. Animals previously exposed to IMO exhibited enhanced levels of freezing during EXT (IMO factor, rmANOVA F 1,92 = 13.158 po0.0001; IMO × FC interaction, rmANOVA, F 1,188 = 13.091 po0.0001). Simple effects tests showed that the IMO-EXT and Control-EXT groups froze significantly longer than the IMO-NoEXT and Control-NoEXT groups (p ⩽ 0.0001 in CS1-10, CS11-20 and CS21-30). Moreover, the IMO-EXT group showed increased levels of freezing during EXT when compared with the Control-EXT group (po0.001 CS1-10, CS11-20 and po0.0001, CS21-30).
Animals were killed following EXT to assess plasma corticosterone levels (Figure 1d ). The Time factor was significant, Wald χ2 (2) = 91.017 po0.001, and there was an interaction between IMO and Group (EXT/NoEXT) Wald χ2 (1) = 5.417 po0.05 and IMO and Time Wald χ2 (2) = 6.558 po0.05. This suggests that plasma corticosterone levels changed at different time points, in general, and that IMO differently affected plasma corticosterone levels in EXT and noEXT. Moreover, IMO changed the plasma corticosterone levels evaluated at different time points. Pairwise comparisons showed that IMO-NoEXT Groups vs IMO-EXT, p = 0.077, showed marginally significant differences in mice that were fear-extinguished vs those that were not extinguished. Plasma corticosterone was significantly different in the Control-NoEXT and IMO-NoEXT groups, at both 30 and 120 min, as compared with the immediate (0 min) time point, (120 vs 0 min, po0.001) except IMONoEXT (30 vs 0 min, po0.05). Interestingly, plasma levels in the Control-EXT group were lower as compared with the IMO-EXT group (p = 0.011) showing that a history of previous IMO stress enhances corticosterone levels after EXT. This is consistent with significant differences observed between 120 vs 30 min and 0 min (immediate) groups (po0.01, in the IMO-EXT group, whereas there are significant differences at both 120 and 30 min vs 0 (30, po0.01 and 120, po0.001). This suggests that the IMO mice have a slower HPA axis recovery after EXT than mice that had no previous IMO exposure. An alternative interpretation may be that that the enhanced corticosterone levels are the result of impaired EXT with consequently higher levels of freezing and other fear-related measures, including the HPA axis. Figure 2 Dexamethasone enhances the extinction of learned fear. (Top) Timeline of the experimental procedures. All mice were exposed to immobilization to a wooden board (IMO) for 2 h, 6 days prior to fear conditioning. Mice were trained for cued fear conditioning with five tone-shocks pairings (conditioned stimulus; CS). Four hours before EXT mice received vehicle or dexamethasone treatment: (Veh) (n = 42), dexamethasone 20 μg/kg (Dx 20) (n = 43), or dexamethasone 300 μg/kg (Dx 300) (n = 23), all given systemically (i.p.). (a) Freezing during fear conditioning. All groups presented similar levels of freezing during habituation (pre-conditioned stimulus; Pre-CS) and during fear conditioning. (b) Four hours before fear extinction learning (EXT), vehicle or dexamethasone (20 and 300 μg/kg i.p.) was given, and mice were exposed to trials of CS without US presentations. The dexamethasone 300 μg/kg group presented significantly less freezing than the vehicle group during conditioned stimulus presentation; CS1-50 (*po0.05). (c) Freezing levels are shown during extinction retention (RET) 24 h later, with no drug on board (n = 7-10 per group). Mice that received dexamethasone 20 μg/kg during EXT now had significant lower levels of freezing in RET than the animals that had vehicle during CS1-50 (**po0.01). (d) Blood corticosterone levels are shown following home cage, or EXT or RET exposure. Corticosterone levels were higher in the Veh group after EXT than HC group (*po0.05). Two hours after RET, the mice receiving dexamethasone 20 μg/kg show less corticosterone than two hours after EXT (**po0.01). Two hours after RET, dexamethasone 300 μg/kg show higher levels of corticosterone than two hours after EXT ( # p = 0.055). (e) During EXT, the dexamethasone treatment at different doses (20 or 300 μg/kg) did not alter freezing during the intertrial interval (ITI). (f) During RET, the dexamethasone 20 μg/kg group shows more discrimination (less freezing) than vehicle group in the ITI of the period between stimulus (*po0.05). (g) The mice that received dexamethasone 20 μg/kg had significant lower average levels of freezing overall than the animals that had vehicle during RET (*po0.05). (h) Fkbp5 messenger RNA (mRNA) gene expression was determined in the amygdala at 2 h after EXT. The 20 μg/kg group (n = 17) had significantly decreased levels of Fkbp5 mRNA when compared with Vehicle (n = 14) and 300 μg/kg (n = 9) groups (***po0.001). The 300 μg/kg group also presented enhanced Fkbp5 mRNA levels than Vehicle (***po0.001). (i) Fkbp5 messenger mRNA gene expression was determined in the amygdala at 2 h after RET. The 20 μg/kg (n = 8) group had significantly decreased levels of Fkbp5 mRNA when compared to Vehicle (n = 10) (*po0.05) and the 300 μg/kg group (n = 7). (j) The mice that received dexamethasone 20 μg/kg had significant lower average level of freezing than the animals that had vehicle during ITI in RET (*po0.05). (k) Fkbp5 mRNA levels in the hippocampus after EXT. The group 300 μg/kg (n = 6) presented enhanced levels of Fkbp5 mRNA compared with vehicle (n = 6) and 20 μg/kg (n = 6) (***po0.001). (l) There were no statistical differences in Fkbp5 mRNA levels in the hippocampus after RET.
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Dexamethasone Administration Produces a Dose-Dependent Enhancement of Fear EXT Learning and EXT RET in IMO Mice
Dexamethasone pretreatment has been shown to modulate fear learning in PTSD patients (Jovanovic et al, 2010; Jovanovic et al, 2011) . Thus, we hypothesized that it may enhance fear EXT learning and RET in our model of PTSD fear-related symptoms. For this reason, we examined the effects of low vs high dexamethasone administration (20 vs 300 μg/kg) compared with vehicle on EXT and RET in mice exposed to IMO 6 days before FC. Mice in all groups showed no differences in the levels of FC prior to dexamethasone injection (Figure 2a) .
We then administered vehicle or dexamethasone (20 or 300 μg/kg) to IMO mice 4 h before EXT in the morning, and collected behavioral data during EXT (Figure 2b and e) . All groups presented similar levels of freezing during the habituation to the experimental box. Analysis of freezing during EXT revealed that dexamethasone-treated (300 μg/kg) animals had significantly lower levels of freezing than vehicletreated animals (rmANOVA, F 2,105 = 3.511 po0.05). The high-dose dexamethasone (300 μg/kg) group froze significantly less than the vehicle group (multiple comparisons, po0.05) during within-session EXT (Figure 2, panel b ). There were no statistical differences in the ITI freezing levels during EXT.
Twenty-four hours after EXT in the absence of any drug, we examined freezing levels during EXT RET (Figure 2c , f, g, and j). Animals that received low-dose dexamethasone (20 μg/kg) displayed significantly lower levels of freezing than vehicle-treated animals (rmANOVA F2,22 = 6.401 po0.01; Figure 2c ). In addition, the dexamethasone (20 μg/kg) group froze significantly less than the vehicle group in CS1-50 (multiple comparisons, po0.05; Figure 2c ). During RET, the dexamethasone (20 μg/kg) group also froze significantly less than the vehicle group between CS presentations across the RET session (rmANOVA F 2,22 = 6.519 po0.01, multiple comparisons po0.05; Figure 2f ). Furthermore, the dexamethasone (20 μg/kg) group showed less total average freezing during the CS (po0.05, one-way ANOVA, F 2,22 = 6.395, followed by Bonferroni post hoc test po0.05; Figure 2g ) and during the ITI, a measure of fear generalization (po0.01, one-way ANOVA, F 2,22 = 6.577, followed by Bonferroni post hoc test po0.05; Figure 2j ).
In summary, although the high dexamethasone dose may enhance apparent within-session EXT, this effect is not maintained during EXT RET testing off of the drug. In contrast, the low dexamethasone dose enhances the consolidation of fear EXT.
Dexamethasone Dose-Dependently Modulates Corticosterone Levels after Fear EXT and Fear EXT RET
Dexamethasone dose-dependently modulated the corticosterone levels after EXT and RET when administered 4 h before EXT in mice with a previous IMO (Figure 2d ). Corticosterone levels were higher in the vehicle-treated FC group after EXT training (EXT) than the handled control in home cage group (t = 3.436 df = 6, po0.05), but there was not a significant reduction in corticosterone levels following EXT RET. In contrast, in the low-dose dexamethasone group (20 μg/kg), there was a significant reduction in plasma corticosterone levels after RET which suggests reduced HPA axis activity associated with their decreased fear expression during RET (t = 2.949, df = 16, po0.01). In the highest dose dexamethasone group (300 μg/kg), an opposite effect was seen, with decreased corticosterone following EXT training but increased corticosterone levels after RET (t = 2.092, df = 14, p = 0.0551, Figure 2d) . Interestingly, although the high dose of dexamethasone was associated with more corticosterone suppression during EXT, there was an apparent u-shaped curve, such that the high dose was not associated with greater EXT RET.
Dexamethasone Modulates Fkbp5 mRNA Expression in the Amygdala and Hippocampus of IMO Mice after Fear EXT and Fear EXT RET
Basal levels of Fkbp5 mRNA in the amygdala are similar to home cage group when evaluated 6 days after IMO (Supplementary Figure 2) . Dexamethasone administration (20 and 300 μg/kg) 4 h before EXT induced dose-dependent alterations of Fkbp5 mRNA expression in the amygdala, associated with cued fear, after EXT ( Figure 2h ) and RET (Figure 2i ) as well as in the hippocampus, associated with fear generalization (Figure 2k and l) , respectively.
The lower-dose dexamethasone (20 μg/kg)-treated groups showed Fkbp5 mRNA downregulation in the amygdala after EXT (one-way ANOVA F 2,37 = 20.70, po0.001, followed by Bonferroni post hoc test, 20 μg/kg vs vehicle, po0.001; Figure 2h ). In contrast, the high-dose dexamethasone (300 μg/kg) group exhibited an upregulation of Fkbp5 mRNA expression in the amygdala (po0.001 followed by Bonferroni post hoc test). Dexamethasone (300 μg/kg) administration also induced the upregulation of Fkbp5 mRNA expression in hippocampus after EXT (one-way ANOVA F 2, 15 = 21.76, po0.001, followed by Bonferroni post hoc test Veh vs Dex300 po0.001, Figure 2k) .
We then examined Fkbp5 mRNA levels after RET in IMO mice. The Fkbp5 mRNA levels were again examined in the amygdala (Figure 2i ) and hippocampus (Figure 2l ). The dexamethasone (20 μg/kg) showed a downregulation of Figure 3 Dexamethasone induced changes in Fkbp5 DNAm and Dnmt and Tet mRNA expression in the amygdala after fear extinction learning. (a) Dexamethasone induced dose-dependent time-course alteration of methylation on intron 5 CpG4 of Fkbp5 in the amygdala. Two hours after fear extinction learning (EXT), dexamethasone 20 μg/kg group (Dx20) showed higher DNAm than the 300 μg/kg group (Dx300) (*po0.05, n = 7-11 per group). But this is not found in CpG 5 (b, n = 7-13 per group). Dexamethasone-induced changes are dose-dependent in a time-course downregulation and up-regulation of Dnmt (c-e), Tet (f-h) (n = 7-13 per group). Dnmt1 was not found to change (c), but dexamethasone 20 μg/kg was associated with less Dnmt3a (d) (*po0.05 vs vehicle group (Veh)) and Dnmt3b expression (e) (*po0.05 Dx20 vs Dx300). The dexamethasone 300 μg/kg group presented higher levels of Tet2 expression 2 h after EXT (g) (*po0.05 vs Veh and Dx20). Moreover, there are significant differences between 2 and 6 hrs after EXT in Tet1 (f) and Tet3 (h) (**po0.01, ***po0.001).
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Fkbp5 mRNA in the amygdala after RET (one-way ANOVA F 2,22 = 3.750, po0.05, followed by Bonferroni post hoc test, Veh vs Dex20 po0.05, Figure 2i ). There were no significant effects of dexamethasone treatment and Fkbp5 levels in the hippocampus after RET (Figure 2l) . In summary, a high dose of dexamethasone elicited an upregulation of Fkbp5 mRNA expression after EXT and a low dose of dexamethasone produced a downregulation of Fkbp5 mRNA expression after Dexamethasone alters Fkbp5 regulation and fear extinction T Sawamura et al EXT and RET. Thus, the dose of dexamethasone associated with enhanced behavioral measures of EXT was also associated with downregulation of Fkbp5 in the amygdala during both EXT and RET.
Changes in Methylation of Fkbp5 in IMO Mice Following Dexamethasone Administration before Fear EXT
DNA methylation can be dynamically regulated and may serve as a long-lasting mechanism to regulate gene expression in response to environmental stimulation. We therefore hypothesized that dexamethasone administration would alter Fkbp5 DNA methylation leading to an alteration of Fkbp5 expression. We investigated DNA methylation in and around a functional GR binding site in intron 5 of Fkbp5 previously shown to be responsive to corticosterone administration (Lee et al, 2010) . Sequenom Epityper was performed at six CpG dinucleotides in intron 5 of the mouse Fkbp5 gene in the amygdala of mice treated with dexamethasone and compared with those of vehicle-treated controls at 2 and 6 h after EXT (Figure 3a and b). Fkbp5 DNA methylation is increased in intron 5 at CpG4 that is within a glucocorticoid response element (Supplementary Figure 1) 2 h after EXT in dexamethasone-treated mice when comparing the low dose (20 μg/kg) with the high dose (300 μg/kg) (two-way ANOVA F 2, 47 = 4.454, po0.05, followed by Bonferroni post hoc test; po0.05, Figure 3a) . However, there was no significant difference at CpG5 (Figure 3b ). These data suggest that dexamethasone enhancement of EXT is associated with increased DNA methylation at CpG4 intron 5 of Fkbp5, in a dose-and timedependent manner within the amygdala. Increased Fkbp5 DNA methylation would be expected to associate with decreased Fkbp5 mRNA expression following EXT as found above.
Dexamethasone Modulates Methylation and Hydroxymethylation Markers after Fear EXT
We next examined whether enzymes involved in the dynamic alteration of DNA methylation are altered with fear EXT and dexamethasone treatment. Ten-eleven translocation (TET) proteins (Kohli and Zhang 2013) and the enzyme, DNA methyltransferase (DNMT) (Jaenisch and Bird 2003; Goll and Bestor 2005) , have an important role in regulating DNA methylation. Specifically, TET proteins mediate the hydroxymethylation of DNA, whereas DNMT is responsible for DNA methylation (Gavin et al, 2013) . It was previously observed that methylation alteration after corticosterone administration correlated with Dnmt regulation (Yang et al, 2012) . In the present study, dexamethasone induced dose-and time-dependent changes in Dnmt (Figure 3c-e) and Tet mRNA expression in the amygdala after EXT (Figure 3f-h ). Dnmt1 expression was not changed; however, there was an effect of time and dose on Dnmt3a mRNA expression (F 1, 53 = 8.383 po0.01) with low-dose dexamethasone (20 μg/kg) showing lower levels of expression compared with the vehicle group 2 h after EXT (po0.05; Figure 3d ). Dnmt3b mRNA expression was also significantly affected by dexamethasone (F 2, 53 = 3.328, po0.05) following a similar pattern, with the low-dose group showing less expression than the high-dose group 2 h after EXT (po0.05; Figure 3e ). Tet1 mRNA expression was also time-dependent with reduced expression observed at 6 h, as compared with 2 h, after EXT (F 1, 53 = 11.82 po0.01; Figure 3f ). There was a significant effect of time (F 1, 53 = 10.95 po0.01) and drug (F 2, 53 = 4.254 po0.05; Figure 3g ) in Tet2 expression. The high-dose (300 μg/kg) group showed more expression as compared with the vehicle and low-dose (20 μg/kg) groups 2 h after EXT (po0.05). There was also a significant effect of time in Tet3 mRNA expression (F 1, 53 = 14.10 po0.001, Figure 3h ). Together, these data show that the epigenetic machinery needed for the alteration of DNA methylation is dynamically changing, in a treatment-dependent manner, during the EXT of conditioned fear, providing a potential mechanism for the transient increase in methylation and decrease in expression of Fkbp5.
Correlations between freezing during the EXT and RET sessions and Fkbp5, Dnmt, and Tet mRNA expression in the amygdala were examined and are shown in Figure 4 . In the vehicle group, there is a strong positive correlation between Fkbp5 mRNA expression in the amygdala and freezing during CS 21-30 of EXT training, representing the epoch of EXT where the most individual differences are found when analyzing correlations (R = 0.60, po0.05; Figure 4a ), but not in the low-dose dexamethasone (20 μg/kg) group (R = − 0.29, p4.05; Figure 4a ). In addition, there is a strong negative correlation in the high-dose dexamethasone (300 μg/kg) group (R = − 0.73, po0.05). There was a significant positive correlation between Fkbp5 and freezing during CS 21-30 of RET in the high dexamethasone-treated group (300 μg/kg, R = 0.81, po0.05; Figure 4b ). Two hours after EXT, a strong positive correlation was found between Fkbp5 and Dnmt3b (R = 0.70, po0.0001, Figure 4c ) and a positive correlation was found between Fkbp5 and Tet2 (R = 0.46, po0.01, Figure 4d ). Together, these data suggest that both EXT of fear and the regulation of epigenetic regulatory machinery are significantly associated with Fkbp5 regulation as a function of HPA suppression ( Figure 5 ).
DISCUSSION
To our knowledge, this is the first study demonstrating that dexamethasone suppression prior to EXT training leads to dynamic Fkbp5 regulation in the amygdala and enhanced EXT. This is in line with previous reports showing that dexamethasone can enhance fear EXT in rats as indexed by fear-potentiated startle measures and contextual fear (Yang et al, 2006 (Yang et al, , 2007 Ninomiya et al, 2010) . Together these animal models corroborate our findings in humans showing dexamethasone suppression of the HPA axis prior to fear EXT, in an EXT-deficit model, enhances EXT of conditioned fear.
First, we showed that a 2-h IMO stress administered 6 days before FC did not influence the acquisition of conditioned fear but led to impairment in fear EXT learning. This was accompanied by increased corticosterone plasma levels after FC and EXT training in animals that were exposed to IMO vs handled controls. A potential explanation for these findings may be hormonal sensitization after a stressful experience when animals were previously exposed to IMO (Belda et al, 2008a (Belda et al, , b, 2012 Gagliano et al, 2008) . Of note, our data suggest that hormonal sensitization was also found in response to exposure to the FC chamber in the absence of shocks. In the current study, we suggest that the assessment of fear EXT in animals previously stressed by IMO can be considered as a translational model of the fear-related symptoms of PTSD. This is due to the nature of IMO as one of the most severe rodent stressors as indicated by several markers of stress intensity (Marquez et al, 2002) and previous reports of IMO-induced alterations in fear learning and deficits in fear EXT (Andero et al, 2011 (Andero et al, , 2013 . IMO has face validity as an animal model of the fearful aspects of human PTSD because exposure to severe stress is a necessary precursor for the development of PTSD (Teicher and Samson, 2013) . In addition, IMO possesses construct validity in that both human PTSD patients and severely stressed animals show alterations in the regulation of the HPA axis (Yehuda, 2009) . Further, EXT impairments have been reported in clinical populations with fear-related disorders (Wessa and Flor 2007; Norrholm et al, 2011; Milad et al, 2013) . Concordantly, a single IMO exposure also leads to a deficit in EXT of conditioned fear and enhanced anxiety-like behavior evaluated with the elevated plus maze (Andero et al, 2013) . Other stress models also have shown that a single exposure to a significant stressor is sufficient to impair EXT (Izquierdo et al, 2006) .
We also demonstrated that dexamethasone, a systemic GR agonist, enhances EXT learning. In humans, dexamethasone suppression has been reported to change after traumatic stress (Klaassens et al, 2010) and in traumatized individuals who develop PTSD symptoms (Yehuda et al, 2014) . It has been reported that dexamethasone dose-dependently enhances EXT in fear-potentiated startle and contextual fear (Yang et al, 2006 (Yang et al, , 2007 Ninomiya et al, 2010) . Our current data show that dexamethasone enhances EXT and that this Dexamethasone alters Fkbp5 regulation and fear extinction T Sawamura et al enhancement is coupled to dynamic Fkbp5 regulation. The effect of dexamethasone on fear EXT in previously immobilized animals was dose-dependent and non-linear. Interestingly, while a high-dose dexamethasone (300 ug/kg) appeared to decrease fear expression while on board, in the EXT training session, it had no effect on EXT RET. In contrast, the low dose of dexamethasone (20 μg/kg) had less of an effect during EXT testing, but was most effective in enhancing EXT RET. The IMO-induced disruption of EXT is thought to be due to abnormalities in HPA axis function with alterations in FKBP5 dynamics (Klengel et al, 2013) including FKBP5 feedback. Our previous work has shown that FKBP5 'risk' polymorphisms that manifest with enhanced induction of FKBP5, altered cortisol release, and impaired negative feedback are associated with an increased risk to develop PTSD or related symptoms. Consistent with the ultra-short negative feedback between the FKBP5 protein and GR activation, genotype-mediated increases in FKBP5 transcription have been shown to be associated with GR resistance (Moriceau et al, 2006; Binder et al, 2008) and with a decreased efficiency of negative feedback of the stress hormone axes accompanied by prolonged cortisol release (Ising et al, 2008) . The SNPs, rs3800373 and rs1360780, have been associated with increased peri-traumatic dissociation in children after medical trauma (Koenen et al, 2005) and higher levels of peri-traumatic dissociation have been shown to be predictors of PTSD in adults (Ozer et al, 2003) . In our study, correlations between freezing in EXT and Fkbp5 dynamics revealed significant differences between (1) I.p. injection of dexamethasone transiently decreases corticosterone levels. (2) Fkbp5 protein acts as an inhibitory chaperone preventing GR translocation to the nucleus. With increased corticosterone binding, Fkbp5 is displaced by Fkbp4, allowing for translocation and exertion of its action as a transcription factor. (3) GR translocation to the nucleus acts on Fkbp5 via its glucocorticoid response elements (GREs) regulating processes such as methylation. Fkbp5 methylation alters Fkbp5 mRNA levels (4) that, in turn, affect the Fkbp5 protein levels (5). (6) The Fkbp5 protein levels negatively correlate with the GR sensitivity.
Dexamethasone alters Fkbp5 regulation and fear extinction T Sawamura et al mice treated with dexamethasone as compared with vehicle. After the EXT and RET sessions, the vehicle group showed both a high level of corticosterone and Fkbp5 expression whereas the low-dose dexamethasone-treated group displayed both low levels of corticosterone and Fkbp5 expression on RET; effects that may be related to the observed dexamethasone-induced enhancement of EXT learning. A large number of findings from the 1990s and later suggest that a peripheral low dose administration of dexamethasone is generally prevented from passing the blood-brain barrier. A major player in this process is the P-glycoprotein expressed by the multidrug resistance gene mdr1a (Smit et al, 1998) . Given the opposite findings of the low-and high-dose dexamethasone treatment in the current study, an involvement of the blood-brain barrier or the P-glycoprotein seems likely. A potential explanation of our findings may be that the low dose of dexamethasone used in the study (20 μg/kg) is sufficient to fully occupy GRs at the periphery, including the pituitary, thereby effectively shutting down the HPA axis (re)activity and depleting the brain from endogenous GR agonists (native or synthetic) (Cole et al, 2000) . This consequently results in decreased expression of Fkbp5. In contrast, with the high dose of dexamethasone (300 μg/Kg), which potentially penetrates the blood-brain barrier (Miller et al, 1992) , the brain may be flooded with this agonist, thereby mimicking a strong stress response. This is also in line with the induction of Fkbp5 expression in several brain regions. Additionally, increased levels of Fkbp5 could impair brain GR action, particularly under conditions of blockade of endogenous corticosterone release, as it is actually observed during the EXT session of the high-dose group. Thus, two different doses of dexamethasone may result in very opposite effects, especially for the brain. Of note, when animals are tested for RET, most remaining dexamethasone has been eliminated from the system. Evidence suggests that the role of FKBP5 in the mammalian stress response includes epigenetic mechanisms such as DNA methylation status. Previous reports from the clinical literature have shown that methylation of the Fkbp5 gene (at the promoter region of exon 1) did not predict treatment response, but decreased in association with recovery (Yehuda et al, 2013) . A study using a chronic corticosterone administration paradigm, that had been previously shown to result in a phenotype similar to chronic stress exposure (Gourley et al, 2009) , induced an increase in Fkbp5 mRNA expression in the hippocampus, hypothalamus, and blood of mice with a correspondent decrease in DNA methylation at Fkbp5 intron 5 (Lee et al, 2010) .
Exposure to a FC paradigm (FC, EXT, RET) in animals previously stressed with IMO produces an acute elevation of plasma corticosterone levels (Andero et al, 2011) . Corticosterone binds to GR with heat shock protein 90 (Hsp90) and the GR complex is translocated into the nucleus to initiate downstream genomic effects, a process thought to be inhibited by Fkbp5 binding. GR-mediated gene transcription leads to Fkbp5 upregulation accompanied by altered DNA methylation of Fkbp5. Increased Fkbp5 mRNA and protein expression are associated with impaired HPA feedback, and consequently, EXT of conditioned fear. Our data suggest that dexamethasone treatment rescues impaired EXT in a doseand time-dependent manner. At a higher dose (300 μg/kg), dexamethasone initially appears to enhance within-session EXT when EXT learning occurs 4 h after dexamethasone injection. This suggests that the high dose of dexamethasone directly affects the amygdala to attenuate fear as an acute effect of HPA axis suppression. However, 28 h later, during RET, animals that received this high dose behaved no different from controls. Thus, this suggests that this very high-dose dexamethasone may drive additional GR activation instead of primarily GR suppression, increasing Fkbp5 expression levels in the hippocampus and amygdala.
In contrast, low dose of dexamethasone was associated with lower conditioned fear expression during the RET test which is indicative of a facilitatory effect on EXT. A potential explanation of the findings is that the low dose of dexamethasone may have caused a pharmacological suppression of adrenal activity for~4 h and then resulting in decreased levels of Fkbp5 mRNA in the amygdala. Thus, the corticosterone released during EXT may have acted in a period of higher sensitivity to GR because of this downregulation of Fkbp5 levels. Our genomic findings suggest that low-dose dexamethasone induces downregulated Fkbp5 mRNA expression with alternations in Fkbp5 DNA methylation. The current findings highlight the dynamics of mRNA expression (upregulation/downregulation) associated with differential intronic methylation status, also associated with alterations in the Dnmt and Tet protein families. We obviously cannot discount the contribution of other neurobiological pathways on HPA axis activity and subsequent behavioral effects in fear EXT learning. Other candidate systems include, but are not limited to, brainderived neurotrophic factor (Gourley et al, 2009) , pituitary adenylate cyclase activating polypeptide (Stroth et al, 2011) , the endogenous cannabinoid system (Hill and Tasker, 2012) , and Nociceptin-Nociceptin receptor (Andero, 2015) .
Our data suggest that low-dose dexamethasone administration can rescue impaired EXT learning produced by prior IMO stress in a model of the fear-related symptoms of PTSD. Further, these data also suggest that Fkbp5 upregulation may be associated with fear-related psychopathology and lend support to recent findings from a human study of FKBP5 polymorphisms and PTSD risk (Klengel et al, 2013) . Clinical fear-related disorders appear to be related, in part, to EXT learning deficits and the subsequent ineffectiveness of EXT-based exposure therapies in treatment-resistant patients. These findings suggest further translational study of the dynamics of FKBP5 genomic regulation and its relationship to extreme exposure to stress (Binder et al, 2004 (Binder et al, , 2008 Klengel et al, 2013) .
CONCLUSION
We found that a single exposure to IMO enhances HPA axis activity in mice exposed to FC and EXT, and that HPA alterations may underlie EXT deficits reported here and previously in IMO-exposed mice. Additionally, our data suggest that low-dose dexamethasone suppression of the HPA axis enhanced both within-session EXT learning and EXT RET in a model of the fear-related phenomenology of human PTSD. Additionally, plasma levels of corticosterone and Fkbp5 mRNA expression and DNA methylation in the amygdala were dynamically regulated as a function of both dexamethasone suppression and the fear learning procedures. Together these data suggest that regulation of Fkbp5 mRNA expression via DNA methylation, and its subsequent regulation of GR sensitivity may be implicated in the molecular mechanisms of EXT training and RET.
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